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PREFACE 

This  work  reported  herein  was  conducted  as  part  of  the  Evaluation  of  Environmental 
Investments  Research  Program  (EEIRP).  The  EEIRP  is  sponsored  by  the  Headquarters,  U.S. 
Army  Corps  of  Engineers  (HQUSACE).  It  is  jointly  assigned  to  the  U.S.  Army  Engineer  Water 
Resources  Support  Center  (WRSC),  Institute  for  Water  Resources  (IWR)  and  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES),  Environmental  Laboratory  (EL).  Mr.  William 
J.  Hansen  of  IWR  is  the  Program  Manager  and  Mr.  H.  Roger  Hamilton  is  the  WES  Manager. 
Program  Monitors  during  this  study  were  Mr.  John  W.  Bellinger  and  Mr.  K.  Brad  Fowler, 
HQUSACE.  The  field  review  group  members  that  provide  overall  Program  direction  and  their 
District  or  Division  affiliations  are:  Mr.  David  Carney,  New  Orleans;  Mr.  Larry  M.  Kilgo,  Lower 
Mississippi  Valley;  Mr.  Richard  Gorton,  Omaha;  Mr.  Bruce  D.  Carlson,  St.  Paul;  Mr.  Glendon 
L.  Coffee,  Mobile;  Ms.  Susan  E.  Durden,  Savannah;  Mr.  Scott  Miner,  San  Francisco;  Mr.  Robert 
F.  Scott,  Fort  Worth;  Mr.  Clifford  J.  Kidd,  Baltimore;  Mr.  Edwin  J.  Woodruff,  North  Pacific;  and 
Dr.  Michael  Passmore,  Walla  Walla. 

This  report  is  a  part  of  the  Engineering  Environmental  Investments  -  Formulating  Inputs 
and  Monitoring  Effectiveness  work  unit  of  EEIRP.  The  objectives  of  this  work  unit  are  to:  1) 
identify  relevant  approaches  and  features  for  environmental  investment  measures  to  be  applied 
throughout  the  project  life;  2)  develop  methods  to  access  the  effectiveness  of  the  approach  or 
feature  for  providing  the  intended  environmental  output;  3)  develop  and  provide  guidance  for 
formulating  environmental  projects;  and  4)  provide  guidance  for  formulating  and  identifying 
relevant  cost  components  of  alternate  restoration  plans. 

This  report  focuses  on  three  specific  objectives:  1)  Developing  a  prototype  information 
tree  structure  to  provide  and  organize  data  and  information  useful  for  environmental  restoration 
plan  formulation  and  cost  estimation;  2)  Describing  the  content  of  the  tree  branches  and  their 
linkages;  and  3)  Beginning  the  process  of  building  the  tree  database,  and  identify  additional  data 
sources  and  data  deficiencies  with  respect  to  its  more  complete  implementation.  Other  efforts 
under  this  research  program’s  work  unit  will  be  built  into  this  prototype  information  tree 
database.  These  efforts  include  investigating  environmental  type  management  measures 
developed  by  the  Corps  as  well  as  non-Corps  agencies  and  a  more  detailed  examination  of  cost 
measures  by  the  Corps  and  non-Corps  agencies. 

This  report  describes  the  conceptual  development  of  an  information  tree  to  assist  in  the 
design  of  environmental  restoration  projects.  Before  devoting  significant  resources  to  more  fully 
develop  the  concept  for  implementation,  it  was  considered  necessary  to  obtain  field  input  as  to 
its  potential  usefulness,  desirable  features,  and  potential  final  format.  Interim  copies  of  this  report 
were  therefore  sent  to  all  District  and  Division  Chiefs  of  Planning  and  Engineering,  to  solicit  their 
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views  and  comments  or  those  of  their  staff.  The  specific  questions  they  were  asked,  and  a 
summary  of  their  responses  are  summarized  below. 

To  date,  thirty-nine  (39)  total  responses  have  been  received  from  thirty  (30)  Districts  ^d 
nine  (9)  Divisions.  Approximately  65  percent  of  these  responses  were  from  Planning  Division 
and  35  percent  were  from  Engineering  Division. 

Question  1 .  Do  you  perceive  a  need  or  see  a  usefulness  of  the  overall  concept  to  the 
Information  Tree?  Is  the  Information  Tree  worth  pursuing?  Over  80  percent  indicated  a  positive 
response  to  these  set  of  questions.  Comments  most  frequently  noted  included  that  the  information 
tree  would  be  especially  useful  for  new  employees  or  to  employees  not  yet  famili^  with 
environmental  restoration  planning.  Of  those  that  didn’t  consider  this  effort  worth  pursuing,  the 
most  frequently  noted  comments  included  that  the  information  tree  was  too  general  or  simplistic, 
any  knowledgeable  planner  should  know  all  this  information,  and  any  person  working  on  such 
a  tool  should  not  be  working  alone  on  these  types  of  projects. 

Question  2.  Is  the  general  structure  of  the  tree  easy  to  follow?  Are  the  resource  types 
appropriate?  Are  the  branches  appropriate?  Should  there  be  more  or  less  branches? 
Approximately  80  percent  indicated  a  favorable  response  in  regards  to  the  general  structure, 
resource  types  and  the  branches  of  the  information  tree.  Some  of  the  most  frequent  negative 
comments  included  that  the  structure  was  confusing  at  times,  complicated  and  difficult  to  follow, 
branches  could  be  renamed,  and  call  it  something  else  besides  a  tree. 

Question  3.  Are  the  types  of  information  sources  in  the  specific  cells  appropriate? 
Useful?  Approximately  85  percent  indicated  that  the  information  sources  were  appropriate  and 
useful.  Many  noted  that  this  is  a  conceptual  design,  and  as  this  effort  becomes  more  detailed, 
then  the  information  will  become  more  useful.  There  were  suggestions  on  lisfrng  eompleted 
projects  with  background  information,  and  there  were  some  concerns  on  getting  better  cost 
information. 

Question  4.  How  would  you  like  to  see  the  final  format  of  the  information  tree?  (i.e., 
hard  copy  -  loose  leaf  notebook,  supporting  software,  other  ideas?).  Nearly  85  percent  of  the 
responses  suggested  using  the  hard  copy  -  loose  leaf  notebook  format.  A  large  number  of  this 
percentage  suggested  the  hard  copy  with  supporting  software.  The  remaining  respondents 
suggested  using  expert  systems. 

Overall,  there  was  a  favorable  response  in  terms  of  the  usefulness  of  the  proposed 
information  tree.  However,  there  was  some  disagreement  as  to  the  structure,  types  of  information 
and  final  format  this  effort  should  take.  The  next  steps  taken  in  this  effort  will  be  to  incorporate 
information  from  existing  Corps  environmental  studies  and  non-Corps  environmental  studies 
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along  with  a  more  detailed  examination  of  environmental  cost  information  and  monitoring  efforts. 
Also,  in  the  near  future,  a  working  group  will  be  convened  in  order  to  apply  the  information  tree 
to  environmental  studies  and  see  in  reality  how  it  will  work,  what  other  information  is  needed, 
and  other  observations. 

If  there  are  any  questions  or  comments  in  regards  to  this  report,  feel  free  to  contact  either 
Ms.  Joy  Muncy  (703)  355-0009  or  Mr.  William  Hansen  (703)  355-3089  or  Fax  #  (703)  355-8435 
at  IWR. 

This  report  was  prepared  by  King  and  Associates,  Inc.  Under  terms  of  a  contract  with  the 
U.S.  Army  Engineer,  IWR;  Ms.  Joy  Muncy  was  the  Contract  Manager.  This  report  was  prepared 
under  the  general  supervision  of  Mr.  Michael  R.  Krouse,  Chief,  Technical  Analysis  and  Research 
Division,  IWR;  and  Mr.  Kyle  Schilling,  Director,  IWR. 

At  the  time  of  preparation  of  this  report,  Mr.  Kenneth  H.  Murdock  was  Director  of 


WRSC. 
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INTRODUCTION 

Environmental  restoration  is  the  process  of  rehabilitating  and  repairing  degraded 
ecosystems.  As  defined  by  the  U.S.  Army  Corps  of  Engineers  (USAGE),  the  purpose  of 
environmental  restoration  is  to  "improve  the  condition  of  a  disturbed  ecosystem,  including  its 
plant  and  animal  communities,  or  portions  thereof,  to  some  prior  ecological  condition"  (USAGE, 
1994). 


Recent  congressional  authorities  and  policy  developments  have  placed  increased  emphasis 
on  USAGE  efforts  directed  toward  environmental  restoration.  The  USAGE  has  determined  that 
this  will  require  improvements  in  the  methods  and  techniques  for  developing  and  evaluating 
environmental  restoration  projects  and  programs.  To  help  fill  this  need,  the  USAGE  initiated  the 
"Evaluation  of  Environmental  Investments  Research  Program"  (EEIRP),  which  includes  a  variety 
of  related  research  efforts. 

This  report  presents  the  results  of  one  small  part  of  the  EEIRP  aimed  at  developing  an 
information  base  to  support  plan  formulation  and  cost  estimation  for  environmental  restoration 
projects  in  aquatic  ecosystems.  Plan  formulation  refers  to  the  development  of  alternative  ways 
to  accomplish  project-specific  restoration  objectives.  It  focuses  on  the  process  by  which  project 
planners  identify  alternative  restoration  measures  and  techniques  which  could  be  imdert^en  to 
promote  project  goals  at  the  project  site. 

Purpose  and  Scope 

The  formulation  of  environmental  restoration  plans  for  some  project  site  requires  a  large 
amount  of  data  and  information  on  a  wide  variety  of  relevant  factors  and  variables.  In  an  effort 
to  simplify  the  data  gathering  task  faced  by  restoration  planners,  this  report  investigates  the 
possibility  of  developing  an  informational  tool  for  organizing  and  providing  the  type  of  data  and 
information  necessary  for  identifying  and  costing  restoration  measures  and  techniques.  The 
specific  objectives  of  the  report  include: 

1.  Develop  a  prototype  information  tree  structure  to  provide  and  organize  data  and 
information  useful  for  environmental  restoration  plan  formulation  and  cost 
estimation; 

2.  Describe  the  content  of  the  tree  branches  and  their  linkages,  and; 

3.  Begin  the  process  of  building  the  tree  database,  and  identify  additional  data 
sources  and  data  deficiencies  with  respect  to  its  more  complete  implementation. 
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The  investigation  of  alternative  tree  structures  proceeded  from  the  premise  that,  to  be 
useful  for  restoration  planners,  the  tree  should  include  certain  linked  information  categories  or 
"levels"  which  reflect  the  various  steps  required  to  complete  the  plan  formulation  and  cost 
estimation  process.  Accordingly,  the  information  tree  structure  and  content  should: 

1.  Identify  the  environmental  variables  that  need  to  be  manipulated  to  promote 
project  goals  (i.e.  target  variables), 

2.  Link  target  variables  with  broad  management  approaches  that  could  be  used  to 
manipulate  them, 

3.  Link  broad  management  approaches  with  more  specific  management  measures  and 
techniques  for  their  implementation, 

4.  Identify  the  major  engineering  features  or  components  associated  with  alternative 
management  techniques,  and 

5.  Provide  information  that  will  help  project  planners  to  estimate  the  costs  of 
management  techniques  and  to  identify  their  potential  effectiveness  and  ancillary 
ecological  and  other  effects. 

General  Approach 

The  development  and  illustration  of  the  information  tree  structure  and  content  involved 
several  discrete  tasks.  The  first  involved  a  search  of  the  published  literature  and  in-house  files 
for  information  on  the  various  techniques  most  commonly  used  for  the  restoration  of  aquatic 
ecosystems.  The  database  developed  from  this  search  revealed  that  restoration  techniques  vary 
considerably  according  to  the  type  of  aquatic  ecosystems  to  be  restored  (e.g.  flowing  water 
systems  versus  standing  water  systems).  Consequently,  it  was  decided  that  separate  trees  would 
need  to  be  developed  for  each  of  four  types  of  aquatic  ecosystems:  (1)  Lakes  and  ponds,  (2) 
Rivers  and  streams,  (3)  Non-tidal  wetlands,  and  (4)  Tidal  wetlands. 

The  second  task  involved  examining  the  various  environmental  assessment  techniques  used 
by  project  planners  to  identify  site  deficiencies  with  respect  to  project  goals.  It  focused  on 
developing  the  "roots"  of  the  tree  which  link  the  results  of  environmental  assessments  (i.e.  target 
variables)  with  the  main  stem. 

The  next  task  involved  an  investigation  of  the  various  ways  that  the  information  tree  for 
each  of  the  four  ecosystem  types  could  be  structured,  and  the  types  of  data  the  tree  branches 
should  include.  A  primary  eonsideration  for  developing  the  tree  structure  was  how  site-specifie 
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factors  might  be  reflected  in  the  various  tree  branches.  The  remaining  tasks  began  the  process  of 
filling  in  the  tree  branches  with  data  and  citations  to  additional  information  to  preliminarily 
implement  the  tree  and  illustrate  its  potential  usefulness  for  project  plan  formulation  and  cost 
estimation. 

Plan  of  Report 

The  remainder  of  the  report  is  divided  into  four  sections.  The  first  describes  the  linkage 
between  target  variables  and  the  main  stem  of  the  tree.  The  second  section  outlines  and  describes 
the  tree  structure,  and  reviews  the  content  of  the  various  branches  and  their  linkages.  The  third 
describes  the  preliminary  implementation  of  the  tree  structure  for  the  different  ecosystem  types, 
and  the  final  section  discusses  further  work  needed  to  more  fully  develop  and  implement  the 
restoration  tree  concept. 
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/.  ROOTS  OF  THE  INFORMATION  TREE 

The  development  and  analysis  of  restoration  plans  requires  as  a  starting  point  recognition 
of  the  deficient  environmental  variables  at  the  site  that  the  restoration  project  is  intended  to 
address.  Site  deficiencies  in  environmental  variables  may  be  identified  through  the  use  of  a 
variety  of  environmental  assessment  techniques.  While  at  least  three  broad  assessment 
philosophies  can  be  identified  among  existing  assessment  tools,  the  habitat-based  approaches  are 
the  type  most  commonly  used  for  restoration  planning.  The  U.S.  Fish  and  Wildlife  Service’s 
"Habitat  Evaluation  Procedure"  (HEP)  represents  one  commonly  used  habitat-based  assessment 
technique.  HEP  models  utilize  "Habitat  Suitability  Indexes"  to  identify  and  evaluate  sites  against 
habitat  requisites  for  one  or  more  resident  fish  and  wildlife  species. 

Figure  1  provides  a  hypothetical  HEP  model  application  to  identify  deficient 
environmental  variables  with  respect  to  fish  habitat  requirements  at  some  site.  The  roots  of  the 
information  tree  must  be  able  to  link  the  types  of  environmental  variables  identified  as  deficient 
by  environmental  assessment  techniques  with  the  main  stem  of  the  information  tree.  This  is 
complicated  because,  in  general,  the  identification  of  target  variables  will  be  insufficient  to 
uniquely  identify  appropriate  restoration  approaches.  At  best,  the  list  of  target  variables  generated 
from  an  environmental  assessment  protocol  can  be  only  loosely  linked,  a  priori,  to  specific 
restoration  approaches. 

Most  habitat  deficiencies  can  be  addressed  in  a  vairiety  of  ways,  and  it  is  seldom  very 
useful  to  try  to  treat  a  single  deficient  habitat  variable  in  isolation.  The  set  of  deficient  habitat 
variables  identified  must  dierefore  be  examined  together  in  light  of  what  is  known  about  broader 
ecological  conditions  at  the  site,  and  the  specific  goals  and  constraints  of  the  restoration  project 
under  consideration,  in  order  to  determine  appropriate  ways  to  proceed.  Habitat  deficiencies  are 
often  symptoms  of  broader  ecological  problems  that  usually  can  and  should  be  addressed  in  order 
to  achieve  project  goals.  In  particular,  the  overall  pattern  of  habitat  deficiencies  provides 
information  valuable  for  the  identification  of  broad  themes  that  the  restoration  effort  should 
address. 

Human  activity  degrades  ecosystems  in  a  few,  relatively  stereotypical,  ways.  These 
commonalties  suggest  that  the  majority  of  environmental  restoration  projects  will  address  similar 
environmental  problems  and  will  focus  on  a  relatively  small  number  of  well  understood  changes 
in  ecosystems  precipitated  by  human  activity.  For  example,  aquatic  systems  degraded  by  human 
activity  upstream  typically  show  reduced  dissolved  oxygen  levels,  increased  concentrations  of 
major  plant  nutrients,  and  altered  hydrologic  conditions.  Those  anthropogenic  impacts  may 
secondarily  degrade  specific  habitat  requisites  for  desired  animal  plant  species,  or  result  in 
changes  in  habitat  structure  and  function  that  will  be  revealed  by  HEP  model  analyses. 
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Figure  1  -  Example  HEP  Model  Analysis 
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Restoration  planning  efforts  should  therefore  begin  not  just  with  the  identification  of  site 
target  variables,  but  also  with  the  recognition  of  the  central  importance  for  the  restoration  effort 
of  addressing  one  or  more  broad  patterns  of  environmental  decline.  This  pattern  is  so  pervasive 
that  the  information  tree  has  been  organized  around  themes  of  environmental  decline.  Entry  into 
the  information  tree  is  based  on: 

1.  Specification  of  the  broad  type  of  ecosystem  to  be  restored  (Lakes  and  Ponds, 
River  and  Streams,  Non-tidal  Wetlands,  or  Tidal  Wetlands)  and, 

2.  Identification  of  the  broad  environmental  problem  areas  to  be  addressed  at  the 
project  site. 

Broad  Problem  Areas 

The  information  tree  has  been  structured  around  four  broad  problem  areas  that  reflect  the 
majority  of  environmental  restoration  scenarios  likely  to  be  encountered  in  practice.  Restoration 
projects  could  include  aspects  from  more  than  one  of  these  themes,  but  depending  on  site-specific 
characteristics  and  the  goals  of  the  environmental  restoration  project,  one  or  another  of  the 
problem  categories  may  predominate.  The  four  problem  areas  include: 

1 .  Eutrophication  (Organic  pollution  and  low  dissolved  oxygen) 

The  effects  of  an  excess  of  non-refractory  organic  matter  on  aquatic  ecosystems  is  well 
known.  Organic  matter  fuels  high  levels  of  microbial  respiration  and  biomass,  which  in  turn 
reduce  dissolved  oxygen  levels.  Hypoxic,  anoxic,  and  even  anaerobic  conditions  are  produced  that 
are  deadly  to  most  multi-cellular  life.  Mobile  organisms  may  evade  low  oxygen  conditions,  and 
thus  be  exposed  to  more  dangerous,  more  stressful,  or  less  abimdant  existence  elsewhere.  Most 
sessile  organisms  simply  die.  Low  dissolved  oxygen  conditions  are,  for  most  multicellular  life, 
one  of  the  biggest  threats  to  habitat  quality.  While  untreated  or  poorly  treated  sewage  may  be  the 
most  widespread  direct  source  of  non-refractory  organic  pollution  in  most  aquatic  ecosystems, 
industrial  effluents,  runoff  from  animal  production  facilities  and  runoff  from  roads  and  parking 
lots  are  also  major  contributors. 

Many  aquatic  ecosystems  are  degraded  by  the  presence  of  excess  organic  matter  produced 
within  the  ecosystem  itself.  The  organic  matter  is  produced  by  in-situ  production  triggered  by 
high  availability  of  nutrients,  often  from  anthropogenic  sources.  Excess  nutrients  fuels  the  growth 
of  plants,  especially  planktonic  and  epiphytic  algae.  If  eutrophication  is  not  too  advanced,  the 
nutrients  may  also  encourage  the  growth  of  aquatic  plants  (macrophytes),  which  may  reach 
nuisance  levels.  Eventually,  the  plants  and  algae  die,  producing  high  levels  of  organic  matter 
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within  the  system,  which  can  trigger  declines  in  the  availability  of  oxygen  similar  to  those 
triggered  by  organic  pollutants. 

Several  interrelated  variables,  from  chlorophyll  A  concentrations  in  the  water  column  to 
dissolved  oxygen  concentrations  to  percent  cover  of  submerged  aquatic  plants,  change  in 
predictable  ways  as  concentrations  of  nutrients  and  organic  matter  within  aquatic  ecosystems 
change.  Any  change  in  nutrient  concentrations  tends  to  affect  many  ecosystem  variables 
simultaneously.  Recognition  that  the  problem  one  faces  is  essentially  one  of  low  dissolved 
oxygen,  eutrophication,  or  nutrient  enrichment  can  therefore  suggest  effective  solutions. 

2.  Hydrologic  Alteration 

Many  river  and  stream  environments  are  degraded  by  the  imposition  of  a  hydrologic 
regime  to  which  the  system  is  neither  dynamically  nor  evolutionarily  accustomed.  Agricultural 
development,  urbanization  and  suburbanization  typically  increase  surface  runoff  and  decrease 
percolation  of  water  from  precipitation  into  unconfmed  surface  aquifers,  thus  increasing  flood 
peaks  and  decreasing  base  flows.  These  changes  in  stream  hydrology  in  turn  alter  sediment 
transport  properties,  increasing  erosion  and  redeposition  of  sediments  within  the  stream.  The 
erosion  may  t^e  several  forms,  including  down-cutting  of  stream  beds  which  isolates  the  stream 
system  from  its  floodplain,  and  lateral  shoreline  erosion  which  can  threaten  adjacent  land  uses 
in  the  short  term  and  eventually  produce  shallow,  often  braided  streams  with  high  water 
temperatures  and  poor  aquatic  habitat. 

Still-water  habitats  can  also  be  degraded  by  hydrologic  changes.  Species  diversity  within 
the  vegetation  of  wetlands,  lake  shores,  and  shallow  water  habitats  is  frequently  reduced  by  the 
imposition  of  hydrologic  regimes  that  only  the  most  robust  aquatic  plant  species  can  survive. 

3.  Sedimentation 

High  rates  of  sedimentation  have  profound  effects  on  stream  and  river  ecosystems. 
Deposition  of  sediments  within  stream  channels  clog  gravel  and  cobble  areas  with  fine  sediments, 
reducing  the  suitability  of  the  stream  bottom  for  spawning  of  fish  and  as  refuge  for  benthie 
invertebrates.  Sedimentation  also  reduces  the  cross-sectional  area  of  the  stream  charmel,  thus 
increasing  the  frequency  of  erosive  "bankfull"  flow  conditions  and  overbank  flooding.  At  times, 
this  can  result  in  feedback  effects  whereby  relatively  small  sediment  inputs  lead  to  substantial 
erosion  of  the  stream  banks  and  much  larger  sediment  deliveries  downstream  as  sedimentation 
destabilizes  the  stream  bottom  and  banks.  Sediments  can  smother  benthic  organisms,  or  reduce 
the  feeding  efficiency  of  filter  feeders,  further  degrading  aquatic  habitats. 
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In  still-water  systems,  sedimentation  has  many  similar  effects.  It  tends  to  reduce  water 
depths,  reduce  heterogeneity  in  bottom  topography  (thus  decreasing  habitat  diversity),  and 
smother  benthic  organisms.  In  addition,  sediments  often  carry  nutrients  and  toxic  compounds  into 
lakes,  ponds,  and  wetlands. 

4.  Habitat  Alteration 

Habitat  alteration  represents  the  final  broad  category  of  environmental  problem  around 
which  the  information  tree  has  been  structured.  To  a  large  extent,  the  three  problem  categories 
described  above  can  all  be  understood  as  habitat  alteration.  However,  a  closer  look  at  habitat 
issues  reveals  a  number  of  direct  structural  changes  in  habitats  that  typically  follow  human- 
induced  environmental  change.  In  general,  human  activity  reduces  the  structural  complexity  of 
both  aquatic  and  terrestrial  habitats.  It  replaces  gradual  ecotones  (transitions  between  habitat 
types)  with  abrupt  ones.  Relationships  between  adjacent  habitats  are  disrupted.  Large  contiguous 
habitat  areas  are  often  fragmented. 

In  rivers  and  streams,  complex  sinuous  channels  with  alternating  riffle  and  pool  areas  are 
often  replaced  by  simpler,  less  meandering  confined  channels  of  more  constant  water  depth  and 
velocity.  The  area  of  floodplain  that  is  allowed  to  be  flooded  may  be  reduced,  either  intentionally 
or  unintentionally,  severing  stream-floodplain  dynamic  relationships.  Dams  and  other  barriers  to 
the  migration  of  aquatic  organisms  may  isolate  populations  of  fish  within  stream  reaches.  The 
naturally  complex  physical  structure  of  boulders,  snags,  bars,  and  woody  debris  is  typically  much 
simplified.  Shoreline  habitat  complexity  is  often  reduced  where  riparian  vegetation  has  been 
altered. 


In  still-water  systems,  diversity  of  habitats  is  often  reduced  by  sedimentation,  which  levels 
wetland  topography  and  the  bottom  contours  of  lakes.  Structural  complexity  may  also  be 
simplified  as  woody  debris  and  other  components  of  habitat  structure  are  removed  or  simply  no 
longer  replaced  by  natural  processes. 

Habitat  changes  present  distinct  problems  for  ecosystem  restoration  and  management, 
because  one  must  understand  how  the  structure  and  complexity  of  habitats  have  been  altered  by 
human  activity  in  order  to  prescribe  appropriate  restoration  approaches.  For  example,  the 
widespread  use  of  wood  duck  boxes  in  wooded  wetlands  in  the  eastern  United  States  replaces  a 
specific  habitat  component-standing  dead  trees  with  holes — ^that  are  far  less  common  in  logged- 
over,  disturbed,  and  successionally  young  wetlands  than  in  older,  less  altered  wetland  forests. 
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TABLE  la.  Lakes  and  Ponds:  Target  Variables  Likely  to  be  Identified  as  Deficient  in  HEP 
Models,  Linked  to  Broad  Ecosystem  Problem  Areas 


Deficient  Target 
Variables 


Dissolved  Oxygen 


Turbidity 


Primary  Productivity 


Nitrogen  And 
Phosphorus  Loading 
Or  Concentration 


Submersed  Aquatic 
Plants 


Water  Depth 


Sediment  Quality 


Structural  Habitat  for 
Fish 


Typical 

Deficiency 

Typical  Causes  of 
Deficiency 

Broad  Problem  Area 

Low  oxygen 
concentrations 

High  organic  matter  from 
untreated  sewage,  high 
productivity. 

Eutrophication 

Too  turbid 

Fine  sediments  in  water. 

Sedimentation/ 

Hydrology 

Too  turbid 

Abundant  phytoplankton, 
nutrient  enrichment. 

Eutrophication 

Too  productive 

Nutrient  enrichment, 
typically  from  sewage, 
runoff,  or  industrial 
effluents. 

Eutrophication 

Too  abundant 

High  values  typically  from 
sewage  treatment  plants, 
urban  and  agricultural 
runoff,  atmospheric  inputs. 

Eutrophication 

Too  many 

Nutrient  enrichment. 

Eutrophication 

Too  few 

Abundant  phytoplankton 
and  epiphytic  algae. 

Eutrophication 

Too  few 

Non-algal  turbidity. 

Sedimentation/ 

Hydrology 

Too  shallow 

Sediment  inputs,  new 
impoundments. 

Sedimentation/ 

Hydrology 

No  coarse 
substrates 

Sediment  inputs  from 
upstream  flowing  water. 

Sedimentation/ 

Hydrology 

Too  little 
structure 

Abnormal  shoreline 
morphology,  little  shoreline 
vegetation. 

Habitat 
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TABLE  lb.  Rivers  and  Streams:  Target  Variables  Likely  to  be  Identified  as  Deficient  in  HEP 
Models,  Linked  to  Broad  Ecosystem  Problem  Areas  _ 


Deficient  Target 
Variables 


Dissolved  Oxygen 


Primary  Productivity 


Nitrogen  and 
Phosphorus  Loading/ 
Concentration 


Aquatic  Plants 


Turbidity 


Riffle-Pool  Patterns 


Sinuosity 


Water  Depth 


Storm  Hydrograph 


Watershed 

Imperviousness 


Typical 

Deficiency 

Typical  Causes  of  Deficiency 

Broad  Problem 
Area 

Too  low 

High  organic  matter  from 
untreated  sewage,  high 
productivity,  low  oxygen  inputs. 

Eutrophication 

Too  high 

Nutrient  enrichment. 

Eutrophication 

Too  high 

High  values  typically  from 
sewage  treatment  plants,  urban 
and  agricultural  runoff, 
atmospheric  inputs. 

Eutrophication 

Too  many 

Nutrient  enrichment. 

Eutrophication 

Too  few 

Abundant  phytoplankton  and 
epiphytic  algae. 

Eutrophication 

Too  few 

Non-algal  turbidity. 

Sedimentation/ 

Hydrology 

Too  high 

Abundant  fine  sediments  in  the 
water  column. 

Sedimentation/ 

Hydrology 

Poorly 
developed  or 
not  present 

Channelized  streams,  heavy 
sediment  inputs,  hydrologic 
alteration. 

Sedimentation/ 

Hydrology 

Not  as  sinuous 
as  expected 

Channelized  streams,  heavy 
sediment  inputs,  hydrologic 
alteration. 

Sedimentation/ 

Hydrology 

Too  shallow 
too  even 

Sedimentation,  hydrologic 
alterations. 

Sedimentation/ 

Hydrology 

Too  "Flashy" 

Loss  of  wetlands,  forest, 
riparian  buffers,  increase  in 
impervious  surfaces,  stormwater 
conveyances. 

Sedimentation/ 

Hydrology 

High 

Imperviousness 

Urban  or  suburban  development 
upstream. 

Sedimentation/ 

Hydrology 
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TABLE  Ic.  Wetlands:  Target  Variables  Likely  to  be  Identified  as  Deficient  in  HEP 
Models,  Linked  to  Broad  Ecosystem  Problem  Areas 


Broad 

Wetland 

Type 


Nontidal 

Wetlands 


Tidal 

Wetlands 


Deficient 

Target 

Variables 


Invasive 

Vegetation 


Undesired 

Vegetation 

Type 


Total 

Vegetation 

Cover 


Invasive 

Vegetation 


Undesired 

Vegetation 

Type 


Total 

Vegetation 

Cover 


Typical 

Deficiency 


Abundant 


Various 


Too  low 


Abundant 


Various 


Too  low 


Typical  Causes  of 
Deficiency 

Broad  Problem 
Area 

Hydrologic  alternation, 
removal  of  surface  litter 
and  existing  vegetation. 

Hydrology 

Nutrient  enrichment. 

Eutrophication 

Previous  removal  of 
surface  litter  and  existing 
vegetation. 

Habitat 

Flooding  depth  or 
frequency  inappropriate 
for  desired  species. 

Hydrology 

Low  soil  nutrients, 
inappropriate  hydrology 

Hydrology 

Hydrologic  alteration, 
nutrient  enrichment, 
removal  of  surface  litter 
and  existing  vegetation. 

Habitat, 

Hydrology, 

Eutrophication 

Flooding  depth  or 
frequency  inappropriate 
for  desired  species. 

Hydrology 

Low  soil  nutrients, 
inappropriate  hydrology. 

Hydrology 
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aquatic  environment  will  affect  sediment  and  habitat  conditions.  Interconnections  between  site 
deficiencies  and  broad  problems  should  be  expected.  They  are  part  of  the  rich  structure  of  natural 
systems,  and  present  both  problems  and  opportunities  for  restoration  planners. 
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11.  INFORMATION  TREE  STRUCTURE  AND  CONTENT 

Figure  2  presents  an  overview  of  the  basic  structure  and  content  of  the  information  tree 
for  environmental  restoration.  The  first  column  presents  the  first  tier  of  the  tree  structure  which 
can  be  viewed  as  the  main  stem.  It  provides  information  relating  to  the  various  broad 
management  approaches  that  might  be  used  to  address  broad  problem  areas. 

The  next  three  columns  can  be  viewed  as  the  branches  of  the  tree.  The  first  branch  (the 
one  linked  directly  to  the  main  stem)  provides  information  on  more  specific  management 
measures  that  could  be  used  to  advance  some  broad  management  approach.  The  second  branch 
provides  information  on  the  specific  management  techniques  that  could  be  used  to  implement 
some  management  measure,  and  the  third  branch  describes  the  major  engineering  features  of  those 
techniques. 

The  last  column  of  Figure  2  labeled  "summary  information  modules"  can  be  viewed  as 
the  leaves  on  the  tree  branches  relating  to  specific  management  techniques.  They  provide 
summary  information  on  each  technique,  including  applicability  and  effectiveness,  means  and 
costs  to  implement,  and  potential  ancillary  ecological  and  other  effects. 

Main  Stem  and  Branches 

Figure  2  uses  the  example  of  eutrophication  problems  in  lakes  and  ponds  to  illustrate  the 
types  of  information  the  tree  stem  and  branches  would  provide.  Entrance  into  the  main  stem  of 
the  tree  requires  that  the  user  first  link  those  habitat  variables  identified  as  deficient  at  the  project 
site  with  one  or  more  of  the  broad  problem  areas  to  be  addressed  by  the  restoration  project.  This 
process  was  described  in  the  previous  section  as  tracing  through  the  roots  of  the  information  tree. 
For  example,  if  a  HEP  analysis  at  a  lake  restoration  site  identifies  habitat  deficiencies  with  respect 
to  low  dissolved  oxygen  levels  in  summer  and  related  water  quality  problems,  the  tables  presented 
in  the  previous  section  would  guide  the  user  to  enter  the  tree  for  lakes  and  ponds  through  that 
part  of  the  main  stem  that  deals  with  eutrophication  problems. 

As  described  in  the  previous  section,  the  process  of  linking  deficient  habitat  variables  to 
one  or  more  broad  problem  areas  is  necessary  to  guide  the  tree  user  to  that  part  of  the  ecosystem- 
specific  tree  most  relevant  for  their  particular  project  application.  But  this  process  would  be 
insufficient,  by  itself,  to  indicate  the  appropriate  management  approach(es)  for  some  site.  Figure 
2  identifies  four  broad  management  approaches  for  addressing  eutrophication  problems  in  lakes 
and  ponds.  In  order  to  determine  which  of  these  approaches  might  be  best  suited  for  addressing 
the  habitat  deficiencies  in  the  above  example,  the  project  planner  would  need  to  consider  each 
of 
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these  alternatives  in  light  of  broader  site  factors  and  the  specific  goals  and  constraints  of  the 
restoration  project. 

In  Figure  2,  the  second  branch  of  the  tree  identifies  two  management  measures  associated 
with  one  particular  management  approach  to  reduce  in-situ  nutrient  concentrations  and  cycling. 
For  one  of  these  measures,  to  reduce  the  remobilization  of  nutrients  from  bottom  sediments,  the 
figure  shows  four  available  management  techniques.  The  fourth  branch  of  the  tree  then  provides 
a  general  list  of  the  major  engineering  features  associated  with  one  of  four  technical  options-- 
sediment  skimming-for  reducing  the  remobilization  of  nutrients  from  bottom  sediments. 

Figure  2  illustrates  that  the  prototype  information  tree  has  been  designed  to  provide  project 
planners  with  a  hierarchal  menu  of  general  to  more  specific  restoration  options.  The  information 
it  provides  on  management  approaches,  measures,  and  techniques  implicitly  includes  some  very 
general  information  relating  to  site  factors.  For  example,  the  management  approach  in  Figure  2 
labeled  "reduce  inputs  of  nutrients/organics"  assumes  that  loadings  of  these  pollutants  may  be  an 
underlying  cause  of  eutrophication  problems  at  some  project  sites.  But  the  choice  of  a 
management  approach  for  addressing  some  problem  area,  and  for  moving  from  the  main  stem 
through  the  tree  branches  to  identify  appropriate  management  measures  and  techniques,  will 
require  considerable  judgement  on  the  part  of  project  planners  in  consideration  of  a  much  broader 
range  of  more  specific  site  factors  and  characteristics  (as  well  as  project  goals  and  constraints). 

In  the  development  of  the  tree  structure,  we  investigated  how  general  variations  in  site 
factors  might  be  included  directly  within  the  tree  structure  as  connecting  branches  to  help  users 
to  identify  restoration  scenarios  most  appropriate  for  their  particular  situations.  This  examination 
concluded  that  the  addition  of  more  specific  site  factors  directly  within  the  tree  structure  would 
greatly  increase  the  complexity  of  the  tree  without  adding  appreciably  to  its  utility  for  project 
planners.  Instead,  it  was  decided  that  the  place  for  more  specific  information  on  site  factors  was 
the  summary  information  modules  provided  for  each  management  technique. 

Summary  Information  Modules 

The  summary  information  modules  shown  by  the  three  boxes  in  the  last  column  of  Figure 
2  are  designed  to  provide  summary  information  on  management  techniques.  The  first  module 
would  provide  data  and  sources  of  additional  information  on  the  general  site  conditions  to  which 
a  particular  management  technique  would  be  most  applicable,  and  information  on  the  technique’s 
likely  effectiveness  for  promoting  specific  project  goals.  It  would  discuss,  for  example,  the  types 
of  site  characteristics  which  determine  the  suitability  of  the  management  technique;  the  scale  at 
which  the  technique  must  be  applied  in  order  to  show  results;  and  the  likely  effectiveness  of  the 
technique  in  the  short  term  and  long  term,  and  how  these  results  compare  to  those  that  might  be 
expected  through  the  use  of  other  available  management  techniques.  This  module  would  also 
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ideally  cite  to  published  literature  on  particular  case  examples  that  utilized  and  reported  on  the 
effectiveness  of  the  technique. 


The  second  information  module  would  provide  data  and  sources  of  additional  information 
on  the  means  and  costs  of  implementing  management  techniques.  The  term  "means"  refers 
information  on  how  to  implement  some  technique,  including  information  on  the  various  inputs 
associated  with  the  technique’s  major  engineering  features  and  component  tasks.  Ideally,  the  data 
and  information  provided  on  means  and  costs  would  include: 

1)  The  type  of  each  input  needed  (e.g.  equipment,  labor,  materials)  and  the  timing 
of  its  application  (e.g.  initial,  annual,  periodic); 

2)  The  units  (e.g.  number,  labor  hours)  of  each  input  required  to  implement  the 
management  technique  at  various  scales  (e.g.  quantity,  frequency,  intensity),  and; 

3)  Average  unit  costs  for  each  input. 

If  this  module  could  provide  data  to  this  level  of  detail,  it  would  provide  project  planners 
with  the  raw  material  needed  to  estimate  the  site-specific  costs  associated  with  implementing 
management  techniques.  But  since  this  may  not  be  possible  in  most  cases,  second  best 
informational  options  may  need  to  be  pursued.  These  might  include,  for  example,  well- 
documented  project  cost  estimates  for  specific  applications  reported  in  the  literature,  and 
qualitative,  information  on  the  relative  costs  of  techniques. 

The  final  information  module  is  designed  to  include  general  information  on  the  ancillary 
effects  of  management  techniques,  such  as  ancillary  ecological  effects,  both  positive  and  negative. 
An  example  of  the  latter  would  be  toxicity  to  non-target  species  associated  with  the  application 
of  algicide  to  a  lake  for  the  control  of  nuisance  algae.  On  the  positive  side,  many  bio-engineered 
approaches  to  stream  restoration  produce  ancillary  benefits.  For  example,  willow  stakes  planted 
to  reduce  stream  bank  erosion  also  provide  riparian  vegetation  that  shades  and  supplies  organic 
inputs  to  streams,  thereby  enriching  the  local  biota  and  contributing  to  water  quality. 
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III.  PRELIMINARY  IMPLEMENTATION 

In  order  to  illustrate  the  information  tree,  a  preliminary  effort  was  made  to  implement  the 
basic  structure  for  each  of  the  four  broad  ecosystem  types:  (1)  Lakes  and  ponds,  (2)  Rivers  and 
streams,  (3)  Non-tidal  wetlands,  and  (4)  Tidal  wetlands.  TTiese  are  provided  in  Tables  2-5.  An  effort 
was  also  made  to  begin  the  process  of  implementing  the  summary  information  modules  by  focusing 
on  partially  implementing  those  associated  with  the  tree  for  lakes  and  ponds,  which  is  presented  in 
Table  6. 

Information  Trees 

The  tree  structure  described  in  Figure  2  was  used  for  implementing  trees  for  each  of  the  four 
ecosystem  types.  While  the  basic  structure  remains  constant  across  each,  differences  in  the  natural 
structures  and  processes  of  the  ecosystem  types  suggest  some  variation  in  the  appropriate 
interpretation  and  use  of  the  various  trees.  This  is  explained  more  fully  below. 

1 .  Lakes  and  Ponds 

Interpretation  and  use  of  the  information  tree  developed  for  lakes  and  ponds  is  perhaps  the 
most  straightforward  of  the  four  ecosystem-specific  trees  due  to  the  particular  characteristics  of 
standing-water  ecosystems.  Lake  and  pond  systems  generally  have  long  water  residence  times,  well- 
defined  physical  boundaries,  and  (at  least  within  temperate  lakes)  relatively  homogenous  and  well- 
understood  physical  structures.  Restoration  efforts  are  generally  focused  on  problems  that  affect 
whole  lakes  or  relatively  large  regions  within  lakes,  including  high  primary  productivity, 
sedimentation,  low  dissolved  oxygen,  or  excess  algal  or  plant  growth.  Because  of  the  large  spatial 
scale  of  many  of  these  problems,  they  are  usually  addressed  in  a  relatively  straight-  forward  manner, 
at  large  spatial  scales.  Once  a  problem  has  been  identified,  it  is  a  relatively  simple  procedure  to 
identify  available  restoration  approaches  and  more  specific  management  measures  and  techniques 
for  their  implementation.  To  the  user,  the  tree  can  thus  be  interpreted  and  used  in  a  relatively  simple 
"general  problem,  specific  problem,  solution"  manner. 

2.  Rivers  and  Streams 

Interpretation  and  use  of  the  information  tree  developed  for  rivers  and  streams  is  more 
complicated  because  of  the  dynamic  nature  of  flowing  water  systems  and  their  integral  links  with 
broader  watershed  systems.  The  physical  structures  of  rivers  and  streams  constantly  change  as 
channels  work  and  rework  their  banks  and  floodplains.  Banks  erode;  river  meanders  become 
backwaters,  oxbows,  and  marshes;  pools  and  riffles  move  and  shift.  Only  the  overall,  large-scale 
physical  structure  (channel  sinuosity,  riffle  to  pool  ratios,  stream  gradients,  etc.)  are  at  a 
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Increase  dissolved  oxygen  Hypolimnetic  Aeration:  add  oxygen  Install  air-lift  aerators  to  bring  cold  hypolimnetic  Requires  one  or  more  aerators  placed  in  the 

directly  to  deep  stagnant  water  level  (the  water  to  the  surface,  aerate  it  through  contact  with  hypolimnion,  with  attached  piping  reaching  to  the 

hypolimnion)  while  maintaining  thermal  the  atmosphere,  and  return  it  to  the  hypolimnion.  surface 

stratification  (requires  deep  hypolimnion 

_  to  be  effective)  _ _ ^ _ 


24 


26 


Table  4.  RESTORATION  INFORMATION  TREE  FOR  NON-TIDAL  WETLANDS 


28 


Table  4.  RESTORATION  INFORMATION  TREE  FOR  NON-TIDAL  WETLANDS 


DA 

•|| 

d 

u 

o 

cd' 


B_  S 

o  CO  o 

r- 

o  « 

O  o 
:  c  X3 

2  S  I 

I  S  8- 

__  Q,T3 


O 


(b 


c  ^ 
c  o  x: 
c  -K  CJ) 

a)  i=  >. 

Q.  CO  .& 

§1 

O  g 


§ 

Ie 

cr  gj 
0)  p 
0)  ^ 

8  ^ 
c/)  ^ 
o  CO 
•5Z  to 

(1)  c 

«  .9  0) 
0)  -s 
^  2  c 

^  lE  ” 
to 
to 

Q.*  £ 

2?  o 

o 

M  S  Q.l'.g  e 


c 
o 

to  . 

E  cd  Q. 

to  p  D. 

■o  ^ 

g 


J5< 


CO  ” 


CO  « 


11 

Jll 

I  if  I 

>  T3  ^  to 

>  -  *-  C 

B  O  g  .9 
.CO  to  H-  = 

IZ  C 

£  q.s8 

a.  c  ^  ^ 
9-  -  ©  S 

®  icf 
|5g^ 

s  5'42  r 

“•E  §•& 
§?  e-o 


<2  (O' 

r- 

O  g 


®  9 

O  CO 

C?  to 
© 


IsS  QJ 

d)  TJ  c  _ 

O  o  ^ 


S  2 
•||c2 
to  ©  9  g 


I  S|l 

^11  i 

till 

§  8g  ^ 
B 

©  c  > 

©  ©  .  .^, 
ffi  ®  2  oj 
X  5  © 

§•&«- 
SgS 

“  c  E 

S 

»8'«  i  8- 

O  E  x:  T3 


•D  0)  2 

9  X3  to 

©  T3  © 
0)  ^  © 
o  3  C 
©  O  O 
*F  .C  Q. 

3  «  © 

©  "O 

§ 


© 

k. 

© 


.9  I 
|c 
o 


8 


2  If 
■i  S I 

s  5  D  ■a 
£  ®  c  ? 
<S  <]>  <i>  s 

&2  « 
>1  3  ® 

1 1  S2 

CD  O)  o  © 


¥ 


fli 

2  IS 


> 

O) 

-.E 


©  o  *0 
•a  ”  CO  ® 

2s|i 
¥  1.2 
O  TJ  c 


T3 

f 

>* 

D> 

O 

O 

x: 


“:2  D) 

05  §  2 

•6  =  r 

ego 
>. 


© 

s 

Q. 

to 

o 

0- 


l?f 

■51i 


O)^  ^ 
c  ®  ^ 
■>. .-  © 


-■9^0 

iir 

©  o  $ 


T3 

©  -.ti 

o  *8  © 

^  -5  E  ^ 

©  D"  E  ^ 

■©  ©  ^  CO 

fis'i 

s=8>§ 

®  ?  C  3 
C  fi  © 

©  o  ■-  -• 

©•Bsc 
2  1  F  Jc 

2  S  E  ® 

©  O  m  C 

>%  X  -9  © 

©  S  ©  > 

©  ~  5  © 

§’|i¥ 
•is  i  " 

©  «  fc!  — r 

■D  \Q  ©».© 

-3  3  ©  c 

o  £  g  g  £ 

“  0)  ®  S  3 

©  >  ©  X3  © 


■©  ©  - 
m  ■©  © 
CD  © 

o  3  c 
©  o  o 

t  .C  Q 

3  ©  « 

«  -D  P 
'fe  c: 

O  CO 


.9  % 

^  c  b!  • 

*=5  .9  >::  tS 


O 


© 

S. 

*k^ 

CL 
2 
Q-j-i 

9-  oJ 


a  ? 

©  (D 


3 

^  ©  T3 

©  ©  ©  g 
o  •- 
^  © 


o  © 


¥ 


®|s 

o  >  O 

-9  *© 

©  c  _  _ 
©  3  -C  E 

©  2  ©  o 

CO  O)  o  © 


Q. 

© 

©  © 

6« 
c 
w  o 

©  ©  ^ 

o  ■©  § 

^1% 


O) 

© 

.9  vj 
2  © 
•O  w 
O)  3 
3  CO 

P-© 

o  •.= 


© 

©  TS 
© 

i_;  Cl 


^  O 

»i=  B 

©  ©  2 

9  9  © 

2|  o 

•D  S  (B 
•«  2  ® 
©•DO 

■  c  © 

©  TJ 


CD 


0^ 

.|l 

s 

xt 

H 

I 

i, 

CQ 

G 

G 


I 

u. 

I 

■e 

© 

.> 

Q 


O) 

c 

■q. 

E 


© 

§ 

© 

> 

I 


Q. 

© 

D) 

O 

Q. 

B 

© 

Q. 

O 

t— 

Q. 

CL 

© 


© 

I 

9 

■© 

"S) 


© 

c 

o 

o 

o 


© 

n 


to 

c 

o 

O 


© 

E 

E 

8 

© 

© 

c 

© 

C3 


Q. 

© 

CT 

O 

Q. 

O 

© 

O 

V- 

Q. 

Q. 

© 


X3 

© 

to 

LU 


© 

O) 

© 

c 

2 

Q 

To 

9 

■c 

< 

© 

to 

9 

I 

tiJ 


g 

§ 

G 


•2 

3 

U) 


© 

E 

V- 

© 

Q. 

C 

O 

c 


¥ 


n  «= 
=  o 

11 


o 

1k. 

D> 

O 

TJ 

© 

.9 

TJ 

c 

© 

I 


I 

o 

b 


I 

s 

o 


'O 

G 

O 

U 

» 


Table  4.  RESTORATION  INFORMATION  TREE  FOR  NON-TIDAL  WETLANDS 


Shrubs  and  trees  Plants  differ  widely  in  hydrologic  requirements. 

Many  hydrophytic  species  can  be  established  from 
cut  stakes.  Plants  available  at  various  sizes  from 
commercial  producers.  Price  typically  varies  directly 
_ with  size. _ 
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Table  5.  RESTORATION  INFORMATION  TREE  FOR  TIDAL  WETLANDS 


Eliminate  undesirable  vegetation  Establish  appropriate  hydrology  See  above  Invasive  species  are  often  favored  by  unusual 

_ hydrologic  conditions. _ 
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Table  6.  TECHNIQUES  FOR  RESTORING  LAKES  AND  PONDS;  SUMMARY  INFORMATION  MODULES 
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quasi-equilibrium  state.  Connections  between  flowing  water  systems  and  neighboring  terrestrial 
systems  are  extremely  close.  The  National  Research  Council  (NRC)  describes  these  interconnections 
and  their  implications  for  restoration  projects  in  the  following  passage; 

Rivers  and  their  floodplains  (or  streams  and  their  riparian  zones)  are  so  intimately  linked  that 
they  should  be  understood,  managed  and  restored  as  integral  parts  of  a  single  ecosystem.  In 
addition  to  this  lateral  linkage,  fliere  is  an  upstream-downstream  continuum  from  headwaters 
to  the  sea  or  basin  sink.  The  entire  river-riparian  ecosystem  is  contained  within  a  drainage 
basin,  so  restoration  must  have  a  watershed  perspective  (NRC,  1 992 ;  p.  1 75). 

Restoration  projects  in  flowing  waters  are  thus  necessarily  multi-faceted.  The  hydrology  and 
sediment  dynamics  of  the  channel  continually  generate  and  regenerate  habitats  for  fish  and  aquatic 
organisms.  Thus  even  habitat  quality  is  not  really  separable  from  broader  stream  dynamics.  Without 
a  healthy  watershed-stream  system,  good  habitat  will  not  develop  naturally,  and  if  created  by 
restoration  actions,  will  not  persist.  Indeed,  narrowly-defined  stream  restoration  projects  can  be 
counterproductive. 

The  dynamism  and  intercoimected  nature  of  flowing  water  ecosystems  makes  it  essentially 
impossible,  in  many  cases,  to  identify  one  or  more  individual  problems  that  need  to  be  addressed 
by  a  restoration  effort.  In  flowing  water  systems,  the  goal  of  restoration  is  almost  always  "to  restore 
the  river  or  stream  to  dynamic  equilibrium"  (NRC,  1992,  p.  207).  Indeed,  the  restoration  approaches 
and  techniques  included  in  most  stream  restoration  plans  are  typically  based  on  a  view  of  the  stream 
as  an  integrated  unit.  These  include  "systems"  and  "carbon  copy"  approaches,  and  others  based  on 
stream  classification  systems  (see:  Rosgen,  1988). 

Because  stream  restoration  projects  are  fundamentally  about  managing  whole  ecosystems, 
project  planners  ordinarily  'will  need  to  draw  on  a  wide  variety  of  approaches  and  techniques  to 
effect  complex  changes  in  hydrology,  sediment  dynamics,  and  habitat.  Thus,  this  ecosystem  tree 
must  be  interpreted  and  used  in  a  different  manner  than  the  tree  for  lakes  and  ponds.  Instead  of  a 
"general  problem,  specific  problem,  solution"  kind  of  interpretation,  it  must  be  viewed  and  used 
more  as  menu  of  approaches  and  techniques  from  which  project  planners  will  need  to  draw 
repeatedly  to  construct  an  overall  restoration  plan.  The  hierarchal  organization  of  the  tree  is  based 
on  broad  goals  of  stream  restoration,  but  in  practice  the  categories  overlap  so  extensively  that  this 
listing  must  be  viewed  only  as  an  organizational  convenience. 

3.  Wetlands 


The  interpretation  and  appropriate  use  of  the  trees  provided  for  non-tidal  and  tidal  wetlands 
(Tables  4  and  5)  is  again  somewhat  different  than  the  others  due  to  the  specific  characteristics  of 
these  ecosystems.  Wetlands  are  spatially  heterogenous,  and  are  often  sensitive  to  disturbance  from 
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storms,  herbivore  outbreaks  and  other  semi-periodic  phenomena.  Apparently  minor  changes  in  the 
timing,  frequency,  or  depth  of  flooding  can  have  profound  effects  on  wetlands. 

Most  wetland  restorations  are  basically  efforts  to  establish  desired  plant  communities  (and 
their  dependent  animal  communities)  by  creating  appropriate  physical  structure  and  hydrology, 
spatial  heterogeneity,  and  by  eliminating  undesirable  vegetation.  It  is  therefore  difficult  to  conceive 
of  a  wetland  restoration  effort  in  terms  of  a  "general  problem,  specific  problem,  solution"  structure 
because  the  basic  problem  is  almost  one  of  how  to  get  the  desired  physical  environment  and  plant 
communities  on  site. 

Thus,  most  wetland  restorations  face  not  a  single  broad  problem  but  a  series  of  interrelated 
problems.  Restoration  efforts  must  first  establish  appropriate  topography  and  hydrology,  followed 
by  the  establishment  and  maintenance  of  desired  vegetation,  often  through  planting,  seeding, 
weeding,  and  other  "gardening"  or  "farming"  techniques.  Therefore,  the  tree  can  be  interpreted  as 
providing  a  series  of  component  tasks  that  will  all  be  required  for  most  wetland  restorations  projects- 
-establish  appropriate  topography  and  hydrology;  establish  appropriate  plant  communities;  and 
eliminate  undesired  exotic  organisms.  The  tree  reflects  the  sequential  nature  of  wetland  restoration 
efforts  and  can  be  interpreted  and  used  in  that  manner. 

Summary  Information  Modules 

A  preliminary  effort  was  made  to  begin  the  process  of  implementing  the  summary 
information  modules  on  management  techniques  for  one  ecosystem  type—lakes  and  ponds  (Table 
6).  Although  it  falls  well  short  of  full  implementation,  it  illustrates  the  general  types  of  data  and 
information  the  modules  coiUd  usefully  provide,  and  points  to  additional  sources  of  information  that 
could  be  used  to  flesh  out  the  database.  When  more  fully  implemented,  the  summary  information 
modules  would  be  expected  to  include  more  data  and  information  at  a  much  richer  level  of  detail. 
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IV.  FURTHER  IMPLEMENTATION  NEEDS 


General  Needs 

The  information  trees  developed  and  partially  implemented  in  this  report  illustrate  the  form 
and  content  of  a  prototype  information  tool  for  restoration  plan  formulation  and  cost  estimation. 
More  research  and  data  gathering  will  be  needed  to  more  fiilly  develop  and  implement  the  tool, 
however.  Toward  that  end,  a  list  of  sources  of  additional  information  is  provided  at  the  end  of  this 
report. 


These  and  other  information  sources  can  be  used  to  flesh  out  the  contents  of  the  main  trees 
more  fully  in  a  number  of  ways.  One  would  be  to  include  directly  within  the  trees  more  explanation 
of  the  listed  management  approaches  and  techniques.  Another  would  involve  providing  much  more 
detail  on  the  major  engineering  features  and  components  of  management  techniques.  And  more 
thorough  research  of  the  literature  would  likely  turn  up  additional  restoration  approaches  and 
techniques  that  could  be  used  to  branch  the  trees  in  new  directions.  It  might  also  prove  fruitful  to 
explore  in  greater  detail  ways  in  which  general  site  characteristics  might  be  included  more  directly 
within  the  tree  structure  without  greatly  increasing  its  complexity  and  ease  of  use. 

Most  of  the  additional  research  needed  to  fully  implement  the  information  trees  will  involve 
the  summary  information  modules,  however.  The  biggest  challenge  involves  implementing  the 
information  module  on  the  means  and  costs  of  management  techniques  with  data  on  the  type  and 
amount  of  inputs  required  and  their  unit  costs.  For  some  restoration  techniques,  data  sources  are 
available  which  can  help  fill  this  need.  For  example,  the  USAGE'S  "MCACES"  provides 
computerized  cost  profiles  for  heird  engineering  tasks  conducted  in  aquatic  environments  (see: 
USAGE,  1994).  This  data  source  should  be  mined  for  estimates  of  input  requirements  and  unit  costs 
for  structural  restoration  techniques  relating  to,  for  example,  stream  bank  stabilization  (e.g.  dikes 
and  jetties),  dredging,  and  water  flow  diversion. 

For  other  types  of  restoration  techniques,  however,  data  on  input  requirements  and  unit  costs 
often  are  not  readily  available.  Much  of  the  literature  reviewed  for  this  study  reported  on  the  costs 
actually  incurred  in  implementing  particular  restoration  projects,  but  these  estimates  typically  are 
not  documented  well  enough  to  be  of  practical  use  in  the  restoration  tree  context.  For  example, 
project-specific  cost  estimates  often  do  not  break  down  overall  costs  by  the  various  techniques 
employed,  document  key  site  characteristics  and  the  scale  at  which  technique  were  applied,  or 
distinguish  between  fixed  and  variable  costs. 

The  generally  poor  quality  of  the  historical  data  on  restoration  costs  has  motivated  a  number 
of  efforts  in  recent  years  to  develop  cost  estimates  for  hypothetical  wetland  and  stream  restoration 
projects  fi-om  the  ground  up.  For  example.  King  and  Bohlen  (1993)  estimated  wetland  restoration 
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Option  1 :  Written  Materials 

This  option  would  provide  essentially  the  same  presentation  format  as  included  in  this 
report.  It  could  be  provided  in  loose-leaf  form,  for  example,  with  detailed  back-up  data  sheets 
providing  the  summary  information  modules  for  each  restoration  technique.  This  format  would 
be  relatively  simple  to  produce  and  disseminate,  and  would  satisfy  the  criteria  described  above. 
It  might  be  especially  useful  for  field-testing  the  tree  concept. 

Option  2:  Standard  Database  Software 

A  full-featured  relational  database  software  package  (e.g.  D-Base  for  personal  computers; 
related  software  packages  for  workstations)  could  be  readily  updated,  and  could  handle  the  type 
of  complex  interconnections  required  to  make  an  informational  resource  most  useful.  However, 
automating  the  information  tree  in  this  way  would  require  extensive  programming  to  make  the 
product  sufficiently  easy  to  use.  Database  software  is  best  suited  to  relatively  rigid  data 
structures  that  are  explored  in  a  relatively  consistent  way.  It  thus  may  be  poorly  suited  to  the 
type  of  uses  envisioned  for  the  restoration  information  tree. 

Option  3:  Expert  Systems  Software 

Expert  system  software  is  intended  to  capture  the  accumulated  expertise  on  some  subject 
area  in  a  series  of  interconnected  questions  that,  when  answered,  lead  to  appropriate  answers  or 
recommendations.  For  example,  these  systems  have  been  used  to  assist  internists  in  the  diagnosis 
of  human  disease.  Expert  systems  are  relatively  inflexible  in  that  they  generally  lead  to  one 
single  answer  rather  than  a  series  of  options.  They  also  tend  to  be  difficult  to  modify  and  update. 

Option  4:  Hypertext  and  Hypermedia  systems 

Hypertext  and  hypermedia  systems  are  flexible  collections  of  documents,  images,  and 
other  materials  connected  by  informal  links  that  point  from  one  set  of  materials  to  another  in 
essentially  arbitrary  ways  (i.e.  any  way  the  user  desires).  Hypertext  systems  can  thus  relatively 
easily  produce  information  structures  of  great  flexibility  and  complexity.  Hypertext  systems  can 
also  be  readily  updated  to  reflect  new  information.  With  the  recent  development  of  the  World 
Wide  Web  (WWW)  on  the  Internet,  and  WWW  readers  on  the  Mosaic,  hypertext  structures  can 
be  readily  decentralized  to  many  separate  tree  users  (and  builders)  scattered  around  the  country. 
This  might  therefore  be  the  best  option  for  automating  the  tree  concept  once  it  is  fully 
implemented  and  field  tested. 
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GLOSSARY 

Algae— Any  of  various  chiefly  aquatic,  one-celled  or  multi-cellular  plants  without  true  stems, 
roots,  and  leaves  but  containing  chlorophyll. 

Algicide—A  chemical  agent  used  to  destroy  nuisance  algae  in  bodies  of  water. 

Anaerobic— Able  to  live  and  grow  where  there  is  no  air  or  free  oxygen. 

Anoxic— Total  deprivation  of  oxygen. 

Anthropogenic— Relating  to  human  actions. 

Benthic  organisms— Plants  and  animals  that  live  on  the  beds  of  water  bodies. 
Biomanipulation-Managing  the  level  and  mix  of  species  within  an  aquatic  ecosystem. 

Biomass— The  total  mass  of  living  matter  within  some  defined  environment. 

Biota— Plant  and  animal  life. 

Braided  Streams-Streams  flowing  in  an  interconnected  network  of  channels. 

Chlorophyll-The  green  pigment  found  in  the  chloroplast  of  plant  cells. 

Denitriflcation— To  remove  nitrogen  from  a  material  or  chemical  compound,  as  by  bacterial 
action  on  soil. 

Ecotones— Transitions  between  habitat  types. 

Ephemeral— Lasting  a  short  time. 

Epiphytic— A  plant,  such  as  a  certain  kind  of  orchid  or  fern,  that  grows  on  another  plant  on 
which  it  depends  for  mechanical  support  but  not  for  nutrients. 

Eutrophication-The  over-enrichment  of  water  bodies  with  nutrients  and  other  organic  matter. 

Fiber  Schines— Bundles  of  organic  fiber  placed  along  shorelines  to  reduce  erosion  and  provide  a 
stable  rooting  medium  for  plant  establishment. 
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Filamentous-Very  slender,  thread-like. 

Geomorphic-Pertaining  to  the  shape  or  surface  configuration  of  the  ground. 

Herbivore— An  animal  that  feeds  on  plants. 

Hypolimnion~In  a  thermally  stratified  lake,  the  layer  of  water  below  the  thermocline  and 
extending  to  the  bottom  of  the  lake;  water  temperature  in  the  Hypolimnion  is  virtually  uniform. 

Hypoxic-Deficiency  in  the  amount  of  oxygen  reaching  tissues. 

Macrophytes— A  macroscopic  plant  in  an  aquatic  environment. 

Non-refractory  organic  material-Organic  material  that  is  readily  available  for  bacterial 
decomposition. 

Pathonogenic  (Pathogenic)-Producing  disease. 

Photic  zone-The  layer  of  a  water  body  in  which  light  penetrates. 

Phytoplankton-Microscopic  floating  aquatic  plants. 

Piscivorous  fish— Fish  that  feed  on  fish. 

Planktivorous  fish-Fish  that  feed  on  zooplankton 

Plankton-Microscopic  plant  and  animal  organisms  that  float  or  drift  in  great  numbers  in  fresh 
or  salt  water. 

Production-The  process  by  which  plants  manufacture  organic  compounds  from  simple 
inorganic  substances  in  the  presence  of  sunlight. 

Rhizomes-A  rootlike,  usually  horizontal,  stem  growing  under  or  along  the  ground  that  sends 
out  roots  from  its  lower  surface  and  leaves  or  shoots  from  its  upper  surface. 


Sessile-Having  no  stalk  and  attached  directly  at  the  base. 
Zooplankton-Floating,  often  microscopic  aquatic  animals. 
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